The performance of solar sails is significantly affected by both the sail geometry and the physical properties of used materials which degrade under space conditions. Hence it is of utmost importance for a sail-mission to select such sail materials which degrade as little as possible in space. The Complex Irradiation Facility (CIF) is a new laboratory at DLR-Bremen to study the degradation behavior of materials under space conditions. The CIF allows the simultaneous irradiation with three light sources and with a dual beam irradiation system for the bombardment of materials with electrons and protons having energies up to 100 keV. It is eminently suitable to perform degradation investigations at solar sail foils.
I. Introduction
HE Complex Irradiation Facility (CIF) was designed and commissioned with the aim to perform material investigations under radiation conditions as prevalent in space environment. The idea is to combine multiple radiation sources at a vacuum irradiation chamber. A driving motivation to establish the CIF at the DLR Institute of Space Systems was its participation in the DLR-ESA Gossamer project. Although the CIF can be used for a large variety of material studies, many of its features are especially designed for the study of solar sail materials.
This concerns e.g. the special design of the sample holder that is well-suited for thin foils. It concerns as well the dimensioning of the electron and proton accelerator with respect to energy and intensity range. Both cover the bulk of the corresponding solar wind parameters. Last but not least it concerns the quality of the vacuum which can be achieved in the CIF. To attain a high vacuum special effort was made.
The quality of the vacuum is an important aspect to detect material degradation because molecules of the rest gas can interact with the radiation and degrade the surface of the sample. This would distort the results of degradation studies which are actually designed for conditions of the interplanetary space. Therefore the complete facility has been manufactured in UHV-technology with metal sealings and without organic compounds (rubber vacuum sealings, pump oil) to avoid self-contamination which could affect the results of the experiment.
It is known from many evaluation tests [1, 2] that particle and UV radiation can significantly degrade materials and, e.g., lead to changes in their mechanical behavior or thermo-optical properties [3] . That was taken into account for the determination of the required parameters of the CIF.
An important number that characterizes the performance of the CIF is the acceleration factor. It is defined as the ratio of the intensity of the degrading radiation applied to a material during a laboratory test to the intensity of the same degrading parameter in space environment [2] . The spectra of the light sources are shown in comparison to the extraterrestrial solar spectrum [4, 5] in Subsections III A-C. The spectral distribution of the accelerating factor of the complete electromagnetic radiation provided by all light sources is presented in the conclusion.
Another aspect, beside the irradiation performance, is the measurement engineering to detect the changes of material properties caused by irradiation. For this purpose the CIF is equipped with a mass spectrometer at the irradiation chamber to qualify the outgassing behavior of the sample. Furthermore, our department has commissioned an optical measurement system, consisting of a FTIR spectrometer and Ulbricht spheres. It captures the changes of thermo-optical properties by measuring reflectivity and emissivity. This can be done presently only ex-situ, i.e. the sample has to leave the vacuum and the influence of the atmosphere cannot be T 542
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